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7. (Amended) The method of correcting uneven color of a projector according to 
.claim 6, the uneven color data calculation step including selecting uneven color correction 
data corresponding to the detected zoom state from a plurality of sets of uneven color 
correction data corresponding to previously stored and held zoom states. 
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APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 

A projector including in accordance with the invention includes a projection lens with- 
having a zoom function for forming that forms a projected image corresponding to an image 
signal on a screen, comprises a zoom state detection section that detects a zoom state of the 
projection lens, and an uneven color correction section that performs uneven color correction 
on the image signal based on a detected zoom state. 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
Changes to Claims: 

The following are marked-up versions of the amended claims: 

1 . (Amended) A proj ector including for use with a screen, comprising: 

a projection lens with -having a zoom function for forming that forms a 

projected image a corresponding to an image signal^ on ar-the screen , comprising: ; 

a zoom state detection section that detects a zoom state of the projection lens; 

and 

an uneven color correction section that performs uneven color correction on 
the image signal based on a detected zoom state. 

2. (Amended) A^The p rojector according to claim 1, wher e in the uneven color 
correction section comprises including a memory in which uneven color correction data 
according to the zoom state is stored. 

3. (Amended) A rThe p rojector according to claim 2, whoroin the uneven color 
correction section comprises including a control circuit and an uneven color correction 
circuit, the memory sieges- storing and helds- holding first and second uneven color correction 
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data according at least to first and second zoom states, the control circuit calculates 
-calculating the uneven color correction data in a zoom state between the first and second 
zoom states based on the first and second uneven color correction data, and the uneven color 
correction circuit p e rforms performing uneven color correction on the image signal using the 
calculated uneven color correction data. 

4. (Twic^ Amended) A -The p rojector according to claim 1, further comprising a 
light valve that modulates at least one of transmitted light e ^and reflected light according to 
the image signal. 

5. (Amended) A method of correcting uneven color of a projector for forming 
that forms a projected image corresponding to an image signal on a screen by a projection 
lens with- having a zoom function, the method comprising-: 

performing uneven color correction on the image signal in accordance with a 

zoom state of the projection lens. 

6. (Amended) A ^The method of correcting uneven color of a projector according 
to claim 5, further comprising: 

a zoom stat e detection st e p of d etecting the zoom state of the projection lens; 

an uneven color corr e ction data calculation stop of calculating uneven color 
correction data according to a detected zoom state; and 

an un e ven color correction stop of p erforming the uneven color correction on 
the image signal using the calculated uneven color correction data. 

7. (Amended) A -The method of correcting uneven color of a projector according 
to claim 6, wherein at the uneven color data calculation step including selecting , uneven color 
correction data corresponding to the detected zoom state is s e lected from a plurality of sets of 
uneven color correction data corresponding to previously stored and held zoom states. 
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O^^^g^oo^O TWIT r/oyj ^ajj^oP 



T echnic al: 



The present invention relates to a device 
correct^ >n uneven color of a n projected image ^ a 
projectorr includiaag a projection* lens with a zoom function 
swad a method therefore — ^ c i * , 0> ^ 

Becky J. u mid AaL 

A There jrs known, srs cm — image — display ■■ ■ ■ ii i aui l u^ aT 

/projector (projection type display apparatus) /'that projects 
and displays an image, which is formed on a display device-^ 
such as a liquid crystal panel, digital micromirror device 
(DMD: registered trademark of Texas Instruments), and CRT, 
for instance, on a screen through a projection lens. For 
example, a transmission type liquid crystal projector is 
arranged such that a light beam from a light source is 
modulated according to an image signal 1 ^ lni 1 iiij transmitted 
through a liquid crystal panel, and an image formed by the 
modulation is projected and displayed on a screen through a 
projection lens. A lens with a zoom function is ordinarily 
utilized as a projection- lens of the projector in order to 
enlarge and reduce an image projected on the screen within a 
predetermined range. 



It is preferable that a projected image displayed on a 
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screen be^jj^^nlf or^J^g^)without uneven color . Actually, 
however, uneven color often occurs in a projected image due 
to the dispersion, for example, in the input/output 
characteristics of a display devic^-^uch as a liquid crystal 
panel, in the electric characteristics of a signal 
processing circuit of an image signal, and in the optical 
characteristics of an optical system. 



Thus, an uneven cdlor correction circuit is mounted on 
a^c&iiVVlllfZiicA projector ( -^O^0±rec%^ the image data of a 
pixel in which uneven color occurs so as to suppress uneven 
color . Uneven color correction data for correcting image 

data is determined, for example, as described below-, ~F-trs 

a uniform image of halftone '*^~innft^r__ refnrrrd to ac a 
C^olid ima'g^ typically, a gray solid image is projected and 
displayed, and the projected image being displayed is 
photographed with a video camera or the luminance of the 
projected image is measured with a luminance meter, thereby 
measuring the distribution of the uneven color of the 
pro j ected image . Next , appropriate uneven color correction 
data is determined by repeating the adjustment of the image 
data of a pixel in which uneven color occurs and the 
measurement of the uneven color which occurs in the 
projected image of the image data after the adjustment. The 
thus obtained correction data is previously stored in a ROM, 




and the uneven color correction circuit corrects the image 
data with reference to the uneven color correction data . 

TYigrlm r Tmrrn t yoTT- 

However, the convontionrtfl - — uneven color correction 
method does not take a zoom state of a projection lens into 
consideration. Accordingly, even if no uneven color occurs 
in a projected image in a particular zoom state, there is a 
possibility that uneven color, which oannot ' ^c __De.g-3rlgible, 



occursin the projected image when the zoom s^-arte changes . 

I t vio — pLiJUiubd LhaL ^ne^ J of the reasonsV^tke atote 

( ^oour r^on i fr^^ color of a projected image varies 

depending upon a zoom state is that the quantity of light 
which passes through a liquid crystal panel varies according 
to an amount of zoom, for example, in a transmission type 
liquid crystal projector . 



As described above, the 




<xr\ \ 
iii ' iti^riul uneven 



:olor 



correction method of the proj ector te&s — a-'problem -feu bfr 
julvud in that- a projected image without uneven color cannot 
always be created regardless of a zoom state-^ecause a zoom 
state of a projection lens is not taken into consideration. 




he present 



In view of the above pointy 

invent ionC^ io to prppoGQ an^uneven color correction method of 

* proved^ 
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a projector capable of forming a projected image without 
uneven color or a projected image in which uneven color is 
suppressed at all times regardless of a zoom state of a 
projection lens. 

fro** 

_ n y 

Further? cm — objeufc — /the present invention ifs Lo- 

S 

prnpn u e a projector fux performjerg uneven color correction 
by the uneven color correction method. 

To solvt the^afeove prpbiem, according to the present 
invention, a pro} ector OLnclud^g a projection lens with a 
zoom f unction./ ^^^ot^o^^b, projected image corresponding to 



an image signal on. a screen! y c c mpriflGa S a zoom state 
detection ntesrrrs — for - detect^g^g a zoom state of the projection 



lens; and an uneven color correction section that performs 
uneven color correction on the image signal based on a 
detected zoom state. 

Here, the uneven color correction section may include a 
memory in which uneven color correction data according to 
the zoom state is stored. 



Further, the uneven color correction section may 
include a control circuit and an uneven color correction 
circuit, the memory may store and hold first and second 
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uneven color correction data according at least to first and 
second zoom states, the control circuit may calculate the 
uneven color correction data in a zoom state between the 
first and second zoom states based on the first and second 
uneven color correction data, and the uneven color 
correction circuit may perform uneven color correction on 
the image signal using the calculated uneven color 
correction data. 

A projector^ ucirtg a liquid crystal light bulb may bo, 
ernmpl i f i nrl — < s fa -a projector to which the present invention 
can be applied. 

In contrast, the present invention provides a method of 
correcting uneven color of a projector that forms a 
projected image corresponding to an image signal on a screen 




by using a projection lens with a zoom function, tfhel method 
cuiupii-ain^ performing uneven coior correction on the image 
signal in accordance with a zoom state. of the projection 
lens. 



In this case, the uneven color correction may be 
performed ^y^t kv^cX^o including^ zoom state detection step 
of detecting a zoom state of the projection lens; an uneven 
color correction data calculation step of calculating uneven 
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color correction data according to a detected zoom state; 
and an uneven color correction step of performing uneven 
color correction on the image signal using the calculated 
uneven color correction data. 

At the uneven color data calculation step, uneven color 
correction data corresponding to the detected zoom state may 
be selected from a plurality of sets of uneven color 
correction data corresponding to previously stored and held 
zoom states. -c^* ■* 



vBrief Description of the Drawings 



FIG. 1 is a schematic M nolr rii ngrj-im showing t*re — mok 
portioif of a transmission type liquid crystal projector to 
which the present invention is applied^ 

FIG. 2 is an *£lluotratic i n that ouplain^ a method of 
calculating uneven color correction data. 

Peat lEodo fee Carrying Out th e Invonta on. 

An embodiment of a projector to which the present 

inventdron is applied will be described below with reference 

►fdr^wings. FIG. 1 is a schematic <3rrangomont — i mT^i uf 1 1 

^ -d^ ^^Jkz^^r c^f^s^r? — — ^ 

main -poH 1 ifiiujj an embodiment of a transmission type 

liquid crystal projector" 3^\d±-spla^±p§ j£ color image. As 



shown in ( thro figur e^^the liquid crystal projector 1 of 

^resgrfS the ^embodiment includes an image converter 2^£o^^ 

7-^; C _ 

subject i%^n image signal VS supplied from an image signal 



supply apparatus 100 acting as an external unit to 
predetermined signal processing, a gamma correction circuit 
^3 f^^^jecti^x^ image signal DS supplied from the image 
converter 2 to gamma correction, an uneven color correction 



kU*~ Us 



circuit 4/^f<a/^iibje^ image signal DS^ having been 



subjected to the gamma correction to uneven color correction 
processing, and a liquid crystal panel drive circuit €> 



driv±>^a liquid crystal panel 5 based on an image signal 
D$c h aving been subjected to the uneven color correction. 




Further, . the^liguid .crystal projector- 1 includes a 
control circuit [1 oompofrgd^ of a VCPU>ffor i-n-stance # m4 >thj 



control circuit 7 controls the drive of . the respective 
circuits 2, 3, 4, and 6 based on various types of 
information held in a memory 8 . Various non-volatile 
memorie^s^ch as. an EPROM, EEPROM, and FROM are used as the 
memory 8 . 



The image converter 2 converts an input image signal VS 
into the image signal DS that can be input to the liquid 
crystal panel ^5^nd then outputs the image signal DS. The 
image signal DS includes a vertical synchronization signal, 
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a horizontal synchronization signal, and a clock signal as 
timing signals. Further, as image data that is output as 
the image signal DS, image data of 24 bits per pixel is 
continuously output for eaGfe — pixel. NuLu LhaL /he image 

^^^^ ^^*-f-r>r->€^^ 

data of one pixel is^cx fflptg se d- of c^lor data of 8 bits for 
each color of R, G, and B. In the following, description, 
the image data contained in the image signal DS may be 
referred to as "image data DS" for the convenience of 
description, and further only an image signal excluding the 
timing signals may be referred to as "image signal DS" . 

The gamma correction circuit 3 corrects the image data 
DS such that the output characteristics of light change to 
desired characteristics with respect to the input image 
signal VS. The gamma correction circuit 3 performs gamma 
correction based on an input/output characteristic data 81 
stored in the memory 8. 

Next, the uneven colpr correction circuit 4 corrects 

^yuv uo 

the image data DSy fha viry § been^stibjected to the gamma 
correction so as to suppress uneven color which occurs in a 
projected image displayed on a screen SC. In the present 
embodiment, uneven color is corrected by adding or 
subtracting correction data to or from the image data DSy. 
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In contrast, -the liquid crystal panel 5 functions as a 
light valvp fot^€rformi>^ Light modulation on illumination 

v ^ ^ 

light emitted from an illumination optical system - S^h a virtt? a 
light source ^uch as a halogen lamp.oi 



like 



sed on the 



rce ^oj c 

image signal DSc. The light ha^yfng^b^n modulated (image 
light) is projected and displayed on the — screen SC by a 
projection optical system ll havirf g a_££x>3-^ction lens 10 



with a zoom function. 



Here, the liquid crystal projector 1 of the present 
embodiment includes a zoom state detection circuit 
det^cti^^ar zoom state of the projection lens 10 with the 
zoom f unctiorf^pto that uneven color correction is performed 



on the im&gg signal DSy according to a detected zoom state 
as described below. Various types of detection mechanisnjs^) 
such as a potentiometer and a rotary, switch^may be used as 
the zoom state detection circuit 12. The potentiometer 
detects the quantity of rotatripn 0 of a rotary cam mechanism 
(not showrjrf &=^ y movi^fe ^/ lens group constituting the 




projection lens TO in an optical axis direction. Further, 
in. a projection lens having a motor-driven zoom mechanism, a 
circuit arrangement^that detects a zoom 



fate based on the 
number of steps of a stepping mojtor/acti^ ifs a drive source 
of the motor-driven zoom mechanism, can be used as the zoom 
state detection circuit 12. 
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\^ rii i I r llnil^ /ShTTe) not illustrated, the liquid crystal 
projector 1 of the present embodiment includes three liquid 
crystal panelk f^^dbjec^i^) the respective color signals 
of three colors (R, G, B) to modulation, and the respective 
circuits 2, 3, 4, and^6^ hove a f uiicLTua^Lu ^rocess the image 
signals for the three colors. Similarly, the illumination 
optical system > 'jTTs o includes a color light separation 
optical systeit^_5o^^eparat^^iight emitted from the light 
source into light of three colors, and the projection 
optical system 11 includes a synthesization optical system 
t^^j^in^e^izi^/image light of three colors into a color 
image. The projector optical system for color image is 
k m ii. i n i mjT ^disclosed, for example, in Japanese Unexamined 
Patent Application Publication No. 10-171045 filed by the 
applicant. Accordingly, further description thereof is 
omitted in the specification. 

(Uneven color correcting operation) 

In the liquid crystal projector 1 of the present 
embodiment, the memory 8 previously stores uneven color 
correction data 82 for an occasion that a zoom state of the 
projection lens 10 is at a wide-angle end and uneven color 
correction data .83 for an occasion that a zoom state thereof 
is at a telephoto end, as uneven color correction data by a 
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method which will be described- below. The control circuit 7 
calculates uneven color correction data 84 corresponding to 
a zoom state (x) which is detected by the zoom state 
detection circuit 12 by linear interpolation based on these 
two sets of uneven color correction data 82 and 83. The 
uneven color correction circuit 4 performs uneven color 
correction on the image data DSy using the thus calculated 
uneven color correction data 84. 

In the present embodiment, the uneven color correction 
circuit 4, the control circuit 7 and the memory, 8 correspond 
to the uneven color correction section of the present 
invention. Also, the zoom state detection circuit 12 
corresponds to the zoom state detection section of the 
present invention . 

As described above, in the liquid crystal projector 1 
of the embodiment, uneven color correction, is performed 
according to a zoom state of the projection lens with the 
zoom function. Therefore/ a/proj^ecte<i ima^e o £ high quail Ly 
the uneven color of which is suppresse^D^V~"be~T orTned^or^ the 
screen SC at all times regardless of a quantity of zoom of 
the projection lens. 



Here, while the two sets of uneven color correction 
data 82 and 83 are utilized in the present embodiment, it s 
also possible to store three or more sets of uneven color 
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correction data in the memory .8 according to zoom states, to 
read uneven color correction data corresponding to a 
detected zoom state from the memory 8, and to use the data. 



An 



uneven color correction .method will be described 




projected image( s ^e trr^r^ sWd image is displayed without 
being subjected to uneven color correction. tAe.^igu*^) 
it is assumed that an outside frame 21 shows a region of a 
projected image at a wide-angle endjjnd that an inside frame 
22 shows a region of a projected image at a telephoto • end. 
In this case, the projected positions of pixels PI and P2 in 
the projected image (21) at the wide-angle end shifts to the 
positions shown by pixels PI' and P2 1 in the projected image 
(22) at the telephoto end. In the example, the correction 
data of respective pixels is calculated as to cases in which 
a zoom state is at the wide-angle end and at the telephoto 
end. In the following description, however, only the 
calculation of the correction data at the pixel <P2 wharf *the^) 
zoom state is at the wide-angle end will be described. The 
correction data at the pixel P2 ' will be calculated in the 
same way. 



Further, it is assumed that the image data DS of 
spective color components is gradation data of 8 bits, 
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that is, an integer from 0 to 255. In this case, it is 
assumed that the luminance level of an R component is 0 Kr 
to 100 Kr (Kr: coefficient), that the luminance level of a G 
component is 0 Kg to 100 Kg (Kg: coefficient), and that the 
luminance level of. a B component is 0 Kb to 100 Kb (Kb: 
coefficient). The respective coefficients Kr, Kg, and Kb 
show the contribution ratios of respective color lights R, 
G, and B to the luminance of synthesized light, and, in 
general, Kr = 0.29, Kg = 0.585, and Kb = 0.114. ( m^rtf*^ 
attention is paid to the relative luminance level of^he" " 
same color line segments, the respective coefficients can be 
ignored. 

It is assumed that the gradation data of a gray image 
is 128 for each of R, G, and B^d that the luminance levels 
of the respective color lights of R, G, and B of an image to 
be displayed in this case are 50 Kr, 50 Kg, and 50 Kb. 
Hereinafter, these luminance levels are referred to as a 
"reference luminance level". 

In the projected image shown in FIG. 2, the luminance 
level of the pixel Pi thereof is equal to the reference 
luminance level, whereas the luminance level of the pixel P2 
for R is 40 Kr, the luminance level thereof for G is 50 Kg, 
and the luminance level thereof for B is 55 Kb. That is, 
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these luminance levels are different from the reference 
luminance level, by which uneven color is caused in the 
pixel P2. The uneven color in the pixel P2 is suppressed by 
the following uneven color correction. 

The method of suppressing the uneven color caused in 
the pixel P2 includes a method of correcting the level of an 
applied image data DSy such that, for example, the luminance 
levels of the re"3pective color components in the pixel P2 
are rrjaoer equaj^to the reference luminance level. In the 
method, since the luminance level of the R component is 4 0 
Krj^hich is lower than the reference luminance level of 50 
Kr, an amount of data correction, which is required to 
compensate for an insufficient luminance level 10 Kr, is 
calculated. Further, the luminance level of the B component 
is 55 Kb£^hich is higher than the reference luminance level 
50 Kb, an amount of data correctiori^J^J^ecl^ci&g) an 
excessive luminance level 5 Kb is calculated. Since uneven 
color correction is not necessary for the G component, an 
amount of data correction is. set to zero. The thus 
calculated amounts of data correction are previously stored 
in the memory 8 as uneven color correction data. That is, 
uneven color correction data for each pixel is determined in 
the wide-angle end state and the telephoto end state of the 
projection lens lp^nd stored in the memory 8 as the uneven 
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color correction data 82 and 83, respectively. 

(ItuLul -hubJhTXbove method of calculating the amount of 
data correction determines correction data such that t 
luminance levels of the respective colors are (made/e^^ 
the reference luminance level. In place of/th^'^hod, the 
correction data may be determined«ueh th£t7^for example, 
one of the three color lights^W^ef^^) a color image is 
used as a reference, and the. luminance levels of the other 
color lights are maWegu^T to the luminance level of the 
reference for each pixel to . make the chromatic.ity of the 
respective pixels equal to each other. 




determined for each pixel and stored in the memory 8, the 
capacity of the memory for the storage increases. Thus, in 
general, an image to be displayed may be divided into unit 
blocks^ach having several tens of pixels x several tens of 
pixels-^nd correction data may be allocated to respective 
blocks^ Further, the correction data in the respective 
pixels in the respective blocks may be interpolated based on 
the correction data of the respective blocks. An ordinary 
metho^p such as linear interpolation and weighted mean 
interpolation^ may be employed as the method of 
int erpol a t ro"rv7 
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While the present invention is /^pplied^"to the 



(Other embodiment) 




transmission type liquid crystal project 



color image in the above embodiment, the present invention 
can also be applied to other t^pe^5 projec^or^TJ the same 
way. . . 



For example, the^ present invention can/ be (TalgA applied 
to a proj/ectorr usi^fcra reflection type liquid crystal pane 



and a projector fusing various types of display device^ si^ch 
as a digital micromirror device, plasma display panel, and 
CRJU^in the same way. 

Further., the present invention can^be^als^ applied to a 
projector(^e/^pf^jeq^^^)and displ^y^^i monochrome image 
in the same way. 



Lei — . 



As described above, the projector of the present 
invention performs uneven color correction based on a zoom 
state of the projection lens. Since the uneven color of a 
projected image is corrected in consideration of the zoom 
state of the projection lens,/ ^ a (^ rojepfe^d image^o*--^^^ 
/^q^^^^^the uneven color of which is suppress ed^ can be 
formed at all times regardless of a zoom state. 
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^Industrial Applicability^ 



The present invention is applicable to projectc(gs <ft*^) 



incl(dd^#^projection lenses with a zoom function. moang: 
the present invention./ color unevenness on pro j ected 




